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ABSTRACT
The aim of our study was to compare biologic effects such as tissue damage and regeneration in rat skeletal muscle after
Co2 laser application with pulses of constant energy density, but with varying power and exposure time. We used three
different laser conditions: 20W x O.5s, lOW x lOs and 5.0 W x 2.Os. all having the same energy density (10 joules in a
constant area). The animals were sacrificed immediately after laser application, and after 1, 4. 7, 15 and 21 days. Tissue
damage produced by the CO2 laser with high power provokes more profound craters with less tissue damage at the margins.
as shown by lesser tissue carbonization. fewer foreign body giant cell granulomas and less tissue fibrosis and, on the other
hand, an accelerated regeneration of muscle tissue.
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INTRODUCTION
The CO2 laser produces a radiation wavelength (10,6 tim) that is generally well absorbed by biological tissues'. The
interaction of infrared radiation and tissues is efficiently converted into localized heat that can be used as a 'scalpel" and
has advantages that are already well known in the medical area2'.
The wavelength is an intrinsic parameter of a laser. The CO2 laser wavelength (10,6 .im) used in medicine cannot be
changed. although the radiation power and exposure interval can be altered within certain limits.
The effects produced by a CO2 Laser equipment could vary from deep incisions to superficial cauterization according to
these parameters. Previous studies demonstrated that tissue damage produced in the oral mucosa of dogs, skin of pigs and
rats depend on the combination of the parameters power and exposure time, although the total energy applied to a certain
tissue was maintained constant (energy density). Tissue energy can be defined as a function of radiation power and exposure
time as given by the equation4'5:
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Energy Density = Area
Therefore. for a given area. the value of energy density obtained with a and short exposure interval (H) is the same as that
obtained with a low power and long interval (L). Although the energy is identical. the biological consequences are generally
very different.
In a preliminary study performed in skin of rats. we found that the tissue after high power irradiation showed deep vertical
craters with important tissue loss in the center with a narrow perforation and a fine rim of necrotic tissue around the lesion
(fig. 1). When a lower power with a longer exposure time was used. the lesions were more superficial with a reduced area of
vaporized tissue in the center, leading to a wide and shallow crater surrounded by a thick rim of necrotic tissue6 (fig. 2).
307
Fig. 1: Crater of evaporated tissue after high power Fig. 2: Crater of evaporated tissue after low power
irradiation and short exposure time, (2OWx O.5s). irradiation and prolonged exposure, ('5Wx 2s,).
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The healing of laser wounds. will depend greatly on the way the energy was applied and absorbed by the tissue. Different
types of tissues may react differently to the same type of laser application. which probably depends mainly on the tissue
water content
Pilot studies on the immediate tissue alterations after laser irradiation suggest that the parameters: energy, time of exposure
and area of incidence (focus). which are basically represented by the energy density concept, might be essential in
understanding the process of the interaction between the laser radiation and the tissue and may also be important for the
process of wound healing.
Immediate tissue damage caused in various types of tissues (skin. mucosa, muscle) were inorphologicallv similar8 (figs. 1,2).
Based on these facts. we decided to carry out a study on. muscles of rats as they are adequately thick enough in relation to
the depth of the craters and also because they are protected by skin from infections and traumatisms during the period of
study.
In this study we provoked punctiform lesions in the muscles while keeping the Energy Density and the spot size
(area)constant. whereas power and exposure time varied. in order to observe possible differences in the tissue repair. as
suggested by our preliminary studies.
MATERIAL AND METHODS
This investigation was performed at the Laser Laboratory and the Laboratory of Experimental Pathology of the Nucleus of
Experimental Medicine and Surgery of the Faculty of Medical Sciences -UNICAMP. We used a CO2 Laser model U 1030
(Tecno Laser, Campinas. Brazil), 30 W with a "spot size" (0.3mm), and TEMoo mode with temporized application via an
articulated arm and with a handpiece9
At the end of the handpiece a metallic ring (spacer) was adapted and adjusted to correspond to the focal length of the lens
used.
24 adult. isogenic. Wistar rats (average weight about 350 g), supplied by the Center of Bioterism of the UNICAMIP were
given general anesthesia and underwent trichotomy of the lumbar region. The Gluteus superfi cia/is muscles were exposed
and in each animal three sets of laser points were applied according to the following schema
H: 2OWxO.5sec.=1OJ.
I: 10 W x 1.0 sec. = 10 J.
L: 05Wx2.Osec.= 1OJ.
Where H. I and L refer to "High power. Intermediate power and Low power. respectively.
The opposite muscle was always used as the control (fig. 3).
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The skeletal muscles were removed, fixed for 24 hours in buffered 4 % formaldehyde, and routinely embedded in paraffin.
A total of 72 irradiated lesions were examined. The paraffin blocks were step sectioned (intervals of 25 pm) perpendicular
to the skin surface and the sections, HE stained. Each lesions was examined in 130 sections.
In the most extensive lesions of each case we determined morphometrically the total depth of evaporated tissue in the crater,
the total depth of the tissue necrosis, the horizontal extensions of the crater and of the tissue necrosis at the superficial level
(top) and at the bottom of the lesions, as well as the thickness of the regenerating muscle tissue. For statistical evaluation
the Friedman-test was used.
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Fig. 3: Gluteus superficialis, after the application of the three different laser pulses
in the right muscle, the opposite muscle served as control.
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With the beginning of the 4th day, macrophages, some fibroblasts and capillary sprouts could be observed. Than the number
of fibroblasts and regenerating myofibers increased, permeating the damaged area and gradually reducing the depth and
width of the crater.
On the 15th day the regenerating muscle fibers had acquired a more mature aspect (larger diameters, more eosinophilic
cytoplasm and nuclei with a more peripheral position) and after 21 days the muscle tissue regeneration was nearly complete.
Comparing the different groups, we noticed that the rim of regenerating muscle tissue was thicker in the H group (p =
0.028). revealing more mature muscle cells.
Low power lesions (L -group) showed a marked persistence of fragments of carbonized tissue surrounded by multinuclear
foreign body giant cells and a more intensive fibrosis13.
311
Fig 5: 15th day, power 20 W x 0.5 sec. Advanced
regeneration of muscle fibers with large diameters and
internal nuclei. Inflammatory cells, fibroblasts and
fragments of carbonized tissue are rare.
Fig 6: 15th day, power 05 Wx 2.0 sec. Presence of
carbonized tissue in mullimnicleated giant cells
(foreign body granulomas). Reparation of the lesions
bvfibroblasts, mixed with young regenerating muscle
fibers.
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The regeneration of muscle tissue was more intense in those areas where the laser was applied with high power and for a
short time.
The presence of carbonized tissue and perhaps of the fibroblasts are obviously slowing muscle tissue regeneration.
Therefore. we think that the healing process of lesions produced by high power with short exposure time could be compared
with healing by first intention and those produced by low power and long exposure time could be compared with healing by
second intention.
The theoretical model required to describe this experimental study should relate the healing process to the experimental
situation proposed in the methodology. which is a function of H. I and L. It can be inferred with the data available up to this
present moment. that there is a linear tendency with time in the healing evolution for the three situations chosen. This
clearly shows a more rapid regeneration after high power than after low power irradiation. The intermediate situation (1) as
could be expectecL showed the characteristics ofboth groups.
CONCLUSION
This study leads to the conclusion that the tissue damage produced by the CO2 laser with high power pulse of short duration.
when compared to the damage produced by low power and prolonged exposure. provokes craters with less tissue damage at
the margins, as shown by a lesser tissue carbomzation. fewer foreign body giant cell granulomas and less tissue fibrosis and.
on the other hand, an accelerated regeneration of muscle tissue.
Commercial lasers used in surgery, in general. have operational facilities that allow extensive combinations of power and
exposure duration. Thus the surgeon can choose the ideal combination required for the tissue to be treated and the results
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Fig 7 : 21st day, Power 20 W x O.5s. Lesion almost Fig 8: 2jst day, Power 05 IF x 2. Os. Advanced tissue
totally substituted by mature muscle tissue with scanlv repair by fibrous tissue with remaining foreign body
interstitialfibrosis. Advanced tissue regeneration.. giant cells.
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desired. This study shows results and scientific conclusions that help the choice of adequate parameters to be used in
surgical procedures in order to obtain the best aesthetic and functional results.
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